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1.0 INTRODUCTION 


This report presents the results from wind tunnel 
tests of a one-eighth scale conventional model of the U.S. Army 
XV-SA Lift Fan Flight Research Aircraft, This is the second 
of three volumes. 


Thi volume II presents hinge moment coefficients 
and pressure data in plotted and tabular form with pertinent 
detail explanatory information Pressure and hinge moment 
data were not recorded dur.ng the second phase of the low 
speed testing. 
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2.0 TEST PROCEDURE AND RESULTS 


A complete description of the model is given in Volume I of this 
report under separate cover, therefore, information pertinent only to 
interpretation of pressure and hinge moment data is included in this 
Volume U. 


Presented in the Appendix (Section 3.0) of Volume II is a detailed 
listing of syribols and nomenclature, und a description of model com- 
ponents applicable to Phase [ tests. Inlet throttling plate geometry and 
wing and body orifice locations are also given. 


The right-hand wing and the fuselage were equipped for the re- 
cording of pressure profile data; the right-hand aileron and elevator were 
equipped with internu! seals and with pressure orifices inthe uppe and 
lower simulated balance cavities. The rudder had pressure orifices but 
no seal. The left-hand flap, aileron (with internal seal). levator, and 
the rudder were instrumented to record control surtuce iinge momenta. 

An engine duct exit pressure rake was used to record duct internal flow for 
three different engi e intake areas, altered by the inrertion of area-re- 
ducing orifice plates. 


In general, external control surface gaps were left unsealed be- 
cause a seal would have interfered with pressure and b 1ge moment 
measurements, Notes on the Run Index indicate the special occasions 
when external seals were applied, The right-hand elevator and both 
ailerons were equipped with internal seals to facilitate recording upper 
and lower balance cavity pressures and hinge moments, However, at 
the end of the test the Mylar seals in the aileron cavities were found to 
have failed; the time of failure ts not known. 


Pressures were read directly through five 48-port Scani- 
valves with pressure transducers installed inside the model; digitized 
output from the five transducers was simultaneously printed and punched 
into IBM data cards. Trial determined that the recording of other data 
simultaneously with preesure data was inadvisable because the long running 
time required to scan forty-eight Scanivalve ports at each model test 
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point made it difficult to obtain a zero return on the external balance. 
The hinge moments also were digitized directly, and readings from all 
four instrumented control surfaces were simultaneously printed and 
punched into IBM data cards. 


All strain gages and pressure transducers received a complete 
calibration prior to the test and a check calibration in the tunnel before 
and after the test, with the exception of the #2 pressure transducer (#2 
Scanivalve) which was disconnected after Scanivalve failure during the 
test. The check calibrations were performed on the identical inatru- 
mentation as that used during the test. 


The #2 Scanivalve which was reading wing pressures at 45% and 
55' wing semispan stations showed signs of leaking under high pressure 
during Runs 157 and 158; the pressure coefficients from these runs 
should be used and irterpreted with caution, During Run 160 the #2 
Scanivalve failed; it was disconnected for the remainder of the test. 


While external balance force and moment data, pressure data, 
control surface hinge moment data, and tuft data were recorded during 
the first serics of tests, not all available types of data were recorded for 
every configuration. A run index is presented as Table 2.1 immediately 
preceding all test results, which shows the model configuration and the 
data recorded during the run. Whenever hinge moments were recorded, 
they were recorded for all 4 control surfaces. Figure 2.26 of Table 2.3 
"Key to Tabulated Pressure Coe‘ficients" will be found in Volume II pre- 
ceding the tabulated pressure data. This key provides a location and 
identification code and clues to the metric status of the individual orifices 
and Scanivalve ports, 


Wing pressure data recorded during pitch and yaw runs are pre- 
sented as plotted pressure coefficients in Figures 2.1 through 2. 25. 
An index to the wing pressure plots is given in Table 2.2. All pressure 
data with the exception of duct pressures, but including wing and fuselage 
pressures and control surface cavity pressures, are presented in tabular 
form in Table 2.3 in run number sequence. Duct internal flow data are 
presented in Table 2.4 ir pounds per square inch. 


Selected control surface hinge moment coefficients have been 
plotted as functions of angle of attack anu ys angle and are shown in 
Figures 2. 27 through 2.37. All hinge moments are presented in coeffi- 
cient form in Table 2. 5, 
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3.1 NOMENCLATURE 


Definition of Tests 


Pp 


( HM 


Press 


Duct Press 


Pix 


3.9 APPENDIX 


Pitch Test; pitch angle variation (o = constant). : 


& 
Subscript 6 indicates that six-component force and 3 
moment data were recorded, 
Yaw Test; yaw angle variation (@ = constant), 
Subscript 6 indicates that six-component force and | 
moment data were recorded. 
Hinge Moment; denotes that hinge moment data were | 
recorded at each model test point. The left flap, | 
left aileron, left elevator and the rudder were in- 
strumented. { 


Pressure; denotes that pressure data were recorded 
at each model test point. The model was instrumented 
with orifices, five 48-port Scanivalves, and pres: 
transducers for digitized punched card output, 


Duct Pressure; denotes that duct exit pressure data 
were recorded at each model test point from a rake 
and wall static orifices at the duct exit. These data 
also were read through the Scanivalve and transducer 
system. 


Tuft Pix; visible flow patterns recorded photograph- 
ically at each model test angle. Flow patterns were 
made visible by affixing two-strand floss tufts to the 
model by means of cellophane tape. 
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Coefficients 


Cc 
n 


Sta. 30.75 


NOTE: Model force and moment cuefficients pre- 
sented on the figure in Volume I of this report are 
referred to stability axes through the model moment 
reference center as shown in Figure 4,15 of Volume I. 


Lift coefficient, Lift/qS to stability axes, or normal 
force coefficient on body axes tabulations. 


Drag coefficient, Drag/qS to stability axes, or axial 
force coetficient on body axes tabulations, 


Pitching moment coefficient, Pitching moment/qSc, 
Rolling moment coefficient, Rolling moment/qSb. 


Side-force coefficient, side-force/yS to stability 
axes and on body axes tabulations, 


Yawing moment coefficient, Yawing moment/qSb, 


Subscript "Sta. 30.75" on moment coefficients in- 
dicates that the longitudinal location of the model 
moment reference center is at model station 30,75 
with the vertical location as shown in the moment 
reference diagram shown in Figure 4.15 of Volume I, 


NOTE: A,c, A,c,A,c, A andc are 
{f f£ a a eee r r 


explicitly defined in "Data Reduction Reference 
Dimensions in Section 3.4 of Volume I. 


Flap hinge moment coefficient, Flap hinge moment/ ‘ 
QA cp identified on tabulations as CH.M F, 

Aileron hinge moment coefficient, Aileron hinge 
moment/qA c_. identified on tabulations as CH.M A. 


Elevator Hinge moment coefficient, Elevator hinge i 
moment/qA c identified on tabulations as CH.M E. 


Rudder hinge moment coefficient, Rudder hinge 
moment/qA ¢ identified on tabulations as CH. M R. 


WP one ee 
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Pressure cocfficlent where p ia the measured local 
pressure and py is the tust-section free-stream 
stutic pressure, and qg equals q; on the tabulati«d 
pressure coclticients this ie noted as PR; also noted 
as O p/q. 


Geometric angle of attack of the model wing refer- 
ence plane relative to the Gunnel axis. (Degrees); 

noted as ALF.G on tabulated hinge moment coeffi- 
cients and tabulated pressure coefficients, 


Angle of attack of the model wing reference plane 
relative to the equivalent free air stream (Degrees). 


Geometric angle of yaw of the model plane of sym- 
metry relative to the tunnel axis. (Degrec); noted 
as PSI, G on tabulated hinge moment coefficients 
and tabulated pressure coefficients. 


Flap deflection in degrees relative to the wing re- 
ference plane. 


Aileron deflection in degrees relative to the wing 
reference plane, positive when the trailing edge ia 
down and noted individually L/R, Left/Right. 


Elevator deflection in degrees relative to the hori- 
zontal tail reference plane, positive when the trail- 
ing edge is down. 


Rudder deflection in degrees relative to the vertical 
tail reference plane, positive when the trailing edge 
is to the left. 


Uncorrected dynamic pressure. 

Dynamic pressure, pv"/2, 

Reynolds Number (2, 21 million for this test) 

= PVG/p where p is the mass density of air, p 


is the absolute viscosity of air, and V andc are as 
defined elsewhere is this report. 


ae a aed ae 
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x/e Symbol denoting wing orifice location, the distance 
aft from the wing leading edge expressed as a deci- 
mil fraction of the local chord; on the tabulated 
pressure coefficients x/c is noted under column 
headings K1., K2., and K3, and is expressed us 
a percent of the local chord, 


Vv Average airstream velocity, | /2q/p. 


3.2 DESCRIPTION OF MODEL COMPONENTS 


Symbo 

Q Aileron 

a Aileron: Same as a, except rounded (in chord- 
wise section) at leading edge of outboard end. 

By Fuselage: With canopy and overhead jet intake 
with simulated ducts. 

Dy All landing gear doors 

Mi Main Landing Gear: Superscript f denotes forward 
location, Fuselage Sation 34, 40. 

N 0 Nose Landing Gear: Located at Fuselage Station 
17.10. 

Fy Trailing Edge Flaps: Fowler-type flaps extending 
spanwise from Wing Station 3.00 to Wing Station 
12, 594, 

Hy Horizontal Tail of tapered planform mounted for a 


"tee" tail at the top of the vertical tail; the pivot 
point for horizontal tail incidence ie at Fuselage 
Station 62,073 and Water Line 25,125, The super- 
script denotes incidence, positive when the trailing 
edge is down, relative to the wing reference plane. 


IMAGE _ Reflection image of the two-strut support for tare 
evaluation. For the "wing alone'' configuration the 
image included a center-mounted image sting, 
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Imago Sting - Conter mounted Image sting for the 
"wing alone" configuration used in tare evaluation, 


Inverted: to denote model inverted In the test 
section, 


Orifice Plate inserted at the engine intake with twin 
side-by-side orifices of 1, 150-inch internal diameter, 


Orifice Plate: Same as P; except orifice internal dia- 
meter was 1,375 inch. 


Pressure Rake: Inserted at the aft end of the right- 
hand duct and instrumented with total head orifices, 
Static orifices were provided in the duct wall, The 
center of the rake was located at Fuselage Station 
49,80. 


Symbol designating simulated Wing Fan Cover config- 
urations; on the wing upper surface, the simulated 
wing fan covers, when closed, form a bump that prc- 
trudes above the surface of the wing; on the lower 
surface the cover is characterized by the spanwise 
corrugations of retracted or closed louvers. The 
superscript denotes: W, with support struts, and 

N, without support struts. 


Simulated Wing Fan Cover configuration, with super- 
scripts as defined for S.. S, was tested only as sy, 
without struts, S, denotes "bumps" on the upper 
surface and depressed louvers on the lower surface, 
The outboard edges of the louvers were depressed 

» 10-inch below the wing surface. 


Simulated Wing Fan Cover configuration, with super- 
scripts as defined for 89. S, was tested only as sh, 
without struts. 8, denotes the ''bumps" depressed 
condition on the wing upper surface and louvers on 
the lower surface depressed as per S,; the out- 
board edges only of the upper surface bumps were 
depressed 0, 10-inch below the wing surface. 
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Simulated Wing Fan Cover configuration, with auper- 
scripts as defined for 89, 8, was tested only us sly, 
without atruts. 8, denotes the absence of bumps on 
the wing upper surface and the presence of retracted 
louvers on the lower surface, 


Tulta of two-strund floss affixed to the model with 
cellophane tupe to cbserve and/or record visible flow 
patterns, 


Transition Grit (Carborundum) on designated model 
parts at all times. The superscript denotes fineness 
and varied only during the grit studies. During most 
of the test #150 grit was used exclusively. The pattern 
was as follows: 


Transition Grit Strip Width Location 


Wing at Root 1/2" 1/2" from L, E. 
Wing at Break Chord 3/8" 3/8" from L. E. 
Wing at Tip 1/4" 1/4" from L, E. 


Vertical Tail at Root 3/8" 3/8" from L. E. 
Vertical Tail at Tip 1/4" 1/4" from L. E. 
Horiz. Tail at Root 3/8" 3/8" from L. E. 
Horiz, Tail at Tip 1/4" 1/4" from L, E. 


Duct 3/8" 3/8" from L. E. 
Nose 1/2" 1-1/2" from Fus. 
Sta, 0 


Transition Strip of sheet aluminum , 35-inch high 
mounted normal to the surface at Fuselage Station 
26.47. The strip extended over the fuselage and 
duct intake on each side to the wing upper surface. 


Vertical Tail of tapered planform with the rudder hinge 
line at the 82% chord line. The horizontal tail was 
attached to a vertical plate which inserted into the 
vertical tail in such a way that a portion of the verti- 
cal mounting plate was left exposed as a section of 

flat plate when the horizontal tail was on the model. 


Vertical Tail: Same as Vo except the horizontal tail 
mounting plate was faired with model wax to match the 
vertical tail airfoil section. 
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Wo Wing: Gonorally tapered with rounded tips; the leading 
& edge and trading edge sweeps are increased at wing 
mid-semispan, The wing was designed to rnecommodate 
| au vertical lift fan on cach side of the fuselage and was 
| equipped with ailerons and Fowloretype flaps; outboard 


of the wing break chord, the wing panels were bent 

downward 6°, The outboard panels were twisted 

| (leading edge down) 3° from the break chord to the tip 
chord about the quarter-chord with non-linear distri- 

bution, 


142 


ODEL GE 


1°¢ emia 


(O%e vas EMS MFA) 


9k Sve 2X7 L599 


GB 37 smoiueaxrisws7s 
i ce iT o - 


Ble tt JMNM fy MWrlos Wilzed ae 


x 
@. 
i 
RS 
Q: 
re 
a= 
ws, 
wl GY 
eo 
3 
a 
’ ht 
Se 
bh & 
Zi 
Yaw 
97~0S 7290W SaNIN Fee SWOISADWIT 77%" «9 age 
; 4200 «=9ML 70 Wz 
oe Tem FHL  FIIM SIwL Hawss FUELING BOs PHL SF Loy 
“4200 Gite india gre mH OF4N207 SUM PY Iuwe 2! 
“SteDILWLARIOD | BIE WNSY 2Cy ABL~HIO FIM QwwH MI STIGMA © Oi w 
PoAL-24vsS SBPLOTIO Az Ov 
POOL Vwoss saw VAL CWP WLOL STLONII OO 1 :FIIDW IS 
“yy Pee 487 4200 90 WrNMFD grit sven Ibe ac ul Zw 
. ee 5 2 mMiW 
ie Pe 
aaa —= += ae 
= eee 
~~ ~ 
_ ee eee no 
—_———=- aie can Sh ee A “~< 
o?v' 7M ———_——— Wy 
i 
Q: 
a Q 
teraz es i 
“a 


C) 
a 


2 
Lg 


ae a ee Oe ee eee poe ey me eT Oe GAMO SER eg BPP OMIINMOEN lt TAFE ETE: BURA et ee, OF ee 


ae, a4: 4$ 


‘ 
i wee 
= 
ee - 
-_— = ow 


- 


| WOIES ¢ ORIFICES SwWOWN fat SIDE VIEW ABC VE WEEE OW THE RIGHT SIDE CK MOLES 

B. Abe OsICES WERE OW THE CENTER EME OC THE ROWS SIDE OF NOV e 
S. ACTUAL ORIFICE LOCKTIONS AL DEF: VEO 01, 44GE 177 OF LOLUNE I. 
4. AO. DIMEMCIONS ARE *CHeS MOVEL SCHL 


art, 


® ee rs ry ‘ 42200 
aps —e A Hf ate . + wae by 8 4.3 o4 ce 
DN aa 
vA N 
C 
SIA. 2.4 $Q6 STA 94.50 
i Ee ili “ 1 
' 
/ | 
\ # | 
Se SY 
Sener eee |e 4 
sper ee FE gy ay gneo oP le 
e-e o- * —-« e . Lace O 
a 
s : ee. = ee - I are) 
‘ ai | 
/ | 


PRESSURE ORIFICE Dim 49/7, BODY 


}$ Figure 3.2 
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3.4 ‘A_REDU IRE 
¢ External Balance 
8 Wing Area: 4.068 square feet 
c Wing Mean Aerodynamic Chord: 14,115 inches 
b Wing Span: 44,750 inches 
AR Aspect Ratio: 3.42 
Hinge Moments 
A, Flap Area (one only): 0.1975 square feet 
cy Flap Root Mean Square Chord: 2.965 inches 
A, Aileron Area Aft of Hinge Line (.a9 configuration) 
(one only): 0.160 square feet. 
Cc. Aileron Root Mean Square Chord Aft of Hinge Line 
< (ag configuration): 2.353 inches 
Sd 
A, Elevator Area Aft of Hinge Line (one only): 0.0951 
equare feet 
c Elevator Root Mean Square Chord Aft of Hinge Line: 
e 
1. 661 inches. 
A. Rudder Area Aft of Hinge Line: 0.087 square feet 
eC. Rudder Root Mean Square Chord Aft of Hinge Line: 


1.869 inches. 


